Introduction
Di abetes mellitus is a worldwide, pandemic disease.
According to the last estimations of the International Diabetes Federation, 246 million people will have diabetes worldwide in 2007. The age group from 40 to 59 years has the largest number of persons suffering from diabetes with some 113 million; in the age group from 60 to 79 years, 97 million people have diabetes. By 2025, because of the aging of the world's population, there will be 166 million with diabetes aged from 40 to 59 years and almost as many aged from 60 to 79 years, approximately 164 million. This corresponds to an increase of 47% in the age group from 40 to 59 years and to an increase of 69% in the age group from 60 to 79 years. 1 The incidence of type 2 diabetes is increasing preferentially in younger persons under 65 years. 2 The earlier onset of type 2 diabetes appears to be associated with the increased prevalence of obesity at a young age, even in children and adolescents. [3] [4] [5] Literature published so far focuses mainly on gender differences for several diabetes-related complications or diabetes management. There is a stronger effect of type 2 diabetes on the risk of coronary heart disease in women than in men, 6 women suffering from diabetes have a higher morbidity rate than men, 7 and elderly male patients with diabetes have a more favorable risk factor control than corresponding female patients. 8, 9 Albeit the age group from 45 to 65 years represents one of the largest fractions of the entire population afflicted by diabetes, 1 it is not known whether disease characteristics in these younger patients are similar to the "classic" lateonset, senior age-related type 2 diabetes.
Materials and Methods

Study Design
This analysis included 3268 patients with type 2 diabetes from a retrospective, German multicenter cohort study entitled "Retrolective Study: Self-Monitoring of Blood Glucose and Outcome in Patients with Type 2 Diabetes" (ROSSO). Data were derived from patient medical records of randomly contacted primary care physicians. The mean follow-up period was 6.5 years. Further details of the underlying database are described elsewhere.
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The analysis considered two age groups (younger group: age at diagnosis between 45 and 65 years; older group: age at diagnosis over 65 years) in relation to the outcomes as documented in the patient medical records. Nonfatal end points (morbidity) were defined as myocardial infarction, stroke, foot amputation, blindness (one or both eyes), or end-stage renal failure requiring hemodialysis. The fatal end point was defined as all-cause mortality. These definitions are based on the occurrence of the event during the observation period. The course of clinical and biochemical parameters [body mass index (BMI), fasting blood glucose (FBG), hemoglobin A1c (HbA1c), systolic and diastolic blood pressure, lipid levels, serum creatinine, uric acid], as well as diseases documented prior to diagnosis of type 2 diabetes (hypertension, coronary heart diseases, heart insufficiency, peripheral arterial occlusion, myocardial infarction, stroke, and antihypertensive drugs), was retrieved from patient medical records.
Statistical Methods
Statistical analysis was performed using software SPSS 14.0 (SPSS, Chicago, IL). Comparison of groups of categorical variables was performed by χ 2 statistics, comparison of binary variables with Fisher's exact test, and comparison of quantitative variables with the t test. All tests were performed two sided at a test level of <0.05. Continuous variables were presented as means ± standard deviation. Categorical variables were described as counts or relative frequency (%). Decremental life tables were drawn with regard to the time from diagnosis of diabetes to occurrence of a nonfatal or fatal end point as main target variable. Wilcoxon test analysis was used to test the difference in overall survival curves between the age groups. Cox proportional hazards modeling was performed to determine the impact of SMBG on events such as nonfatal and fatal end points, considering age as an influencing factor and adjusting for gender, FBG, hypertension, coronary heart diseases, heart insufficiency, peripheral arterial occlusion, myocardial infarction, stroke, antihypertensive drugs, and anamnesis.
Results
Age Distribution
At diagnosis of type 2 diabetes, 2099 patients (64.2%) of the total cohort were aged between 45 and 65 years (younger group). The mean age was 56.6 years compared to the mean age of 72.9 years for patients diagnosed after the age of 65 years (older group). The younger group was predominantly male (57.2% males) in contrast to the older group (35.0% males) ( Table 1 ). The percentage of males in the German population in the year 2000 was 49.9% (age between 45 and 65 years) and 38.6% (age over 65 years). 11 Differences between the study population and the general population are significant both for the younger group (p < 0.001) and for the older group (p = 0.012).
Baseline Characteristics
Major age-dependent differences in disease characteristics at diagnosis were found. The younger group exhibited more severe metabolic abnormalities than the older group. They had higher mean values of BMI and mean concentrations of FBG and HbA1c ( Table 1 ).
In contrast, the older group exhibited a higher prevalence of cardiovascular abnormalities at diagnosis than the younger group. This is evident from a higher frequency of hypertension, coronary heart diseases, heart insufficiency, peripheral arterial occlusion, myocardial infarction, stroke, and prescription of antihypertensive drugs (p < 0.001, each). More details about baseline characteristics are summarized in Table 1 .
Patients Grouped by Sex
Because of the age-dependent difference in distribution between the sexes, all analyses were repeated for males and females separately.
Not all markers of diabetes quality were significantly worse in both younger male and female patients because of the lower number of patients per sex group, but the difference persisted as the trend. Differences remained significant for BMI and also for FBG in males. The agedependent difference in the prevalence of cardiovascular risk factors remained significant in both sexes analyzed separately (data not shown).
Follow-up Characteristics
The difference in parameters of diabetes severity (BMI, FBG, HbA1c) persisted during the observation period ( Figures 1A-1C) . Also, the mean values of parameters of diabetes severity for the total observation period were significantly elevated in the younger group ( Figure 1D ).
Pharmacotherapy
In both age groups, oral antidiabetic drugs (OADs) were the most commonly used treatment (about 60%), followed by the combination of insulin plus OADs and insulin alone ( Table 3 ). The younger group received metformin (62.1% vs 44.8%, p < 0.001) and α-glucosidase inhibitors (19.5% vs 16.6%, p = 0.039) more often. In accordance with <0.001
(n = 3268) (n = 2099) (n = 1169) a Data are valid n (%). b Data are means ± SD. c HbA1c was adjusted to 6.1% as the upper limit of normal range using the following formula: (HbA1c / upper limit of normal range of local laboratory) × 6.1.
a milder form of diabetes-related metabolic dysfunction, the older cohort was treated more often with diet only, i.e., no medication. The mean duration from diagnosis until pharmacological therapy was similar in both age groups. However, thrombocyte aggregation inhibitors and antihypertensive drugs were prescribed more often in the older group, while the opposite was found for lipid-lowering drugs ( Table 2) .
Angiopathic Risk Factors and SMBG
The proportion of patients who performed SMBG during the observation period was higher in the younger group than in the older group (50.4% vs 36.0%, p < 0.001; Table 3) .
Survival and SMBG
In both the younger group and the older group (p = 0.021), the proportion of patients without a nonfatal end point during the observation period was larger for patients performing SMBG than for patients not performing SMBG (Figures 2A and 2B) . The proportion of patients surviving during the observation period was significantly larger for patients performing SMBG than for patients not performing SMBG in the older group, but not in the younger group (p = 0.001) (Figures 2C and 2D) . The proportion of patients without a combined end point (i.e., fatal or nonfatal end point) during the observation period was larger for patients performing SMBG than for patients not performing SMBG in both the younger group and the older group (p = 0.003) (Figures 2E and 2F ).
Discussion
Our study was the first one to analyze the following aspects of type 2 diabetes mellitus: (1) the dependence of disease characteristics on age and (2) the association with cardiovascular diseases in longitudinal cohorts of different age.
Our results suggest age-dependent differences in the pathogenesis of type 2 diabetes. Early onset of type 2 diabetes (i.e., diagnosis before the age of 65 years) is related to a more severe form of metabolic dysfunction.
The mean values of BMI and mean concentrations of FBG and HbA1c are higher at baseline and during the mean follow-up time of 6.5 years. Men are afflicted more often by this early form of diabetes.
The more prominent use of metformin in the younger group can be attributed to the higher BMI in this age group. Conversely, the milder form of diabetes in the older group is reflected in the higher percentage treated with diet only during the observation period of 6.5 years from diagnosis.
Patients aged over 65 years at diagnosis of type 2 diabetes experience a milder form of diabetes. This may be partly because of the increased diagnostic vigilance of doctors when treating older patients. However, earlier diagnosis of the diabetic state should not account for the lower rate of male patients in this age group.
Interestingly, there is no obvious parallel in pathogenesisrelated processes leading to type 2 diabetes and cardiovascular disease: The younger group with the more severe form of diabetes metabolic dysfunction does not exhibit more severe cardiovascular risk factors simultaneously. The prevalence of cardiovascular disease markers rather appears to increase with age. Therefore, cardiovascular diseases are advanced in the higher age group.
The benefits of SMBG in type 2 diabetes are still under discussion. 12, 13 However, a growing body of evidenceresulting from several meta-analyses-suggests that SMBG has a positive effect on metabolic control, independent of the type of antidiabetic treatment (oral antidiabetic drugs only or in combination with insulin).
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The positive effects of SMBG are supported by several observational studies, 10, 14, 15 although some contradictory results have also been published. 16, 17 We find that performing SMBG showed a significant impact on the clinical outcomes in both age groups, although patients performing SMBG and patients not performing SMBG had comparable cardiovascular antecedents.
Self-monitoring of blood glucose was related to a significant reduction of nonfatal events in patients aged less than 65 years. However, SMBG had no significant impact on the already low overall mortality in these patients. In patients aged over 65 years the main effect of SMBG was a significant reduction of mortality, but no reduction of the number of nonfatal events. A possible interpretation is that patients with preexisting cardiovascular diseases had a better chance of surviving a cardiovascular event when they performed SMBG.
We should keep in mind that SMBG is a diagnostic procedure, which, by definition, is not an intervention such as a pharmaceutical treatment. Effects on disease course may only result because of actions taken as a consequence of SMBG results. For instance, diabetes patients must develop the ability to interpret correctly the output of the SMBG device and to translate this interpretation into an appropriate and sustained action(s). On that condition they can benefit from SMBG. Possible benefits for patients treated with oral antidiabetic drugs include a change in their oral therapy or the addition of short-acting insulin. 18 Even more important than the enhanced pharmaceutical treatment may be the increased attentiveness of the treating physician. It is well known that depression is a major issue in older patients with type 2 diabetes and is related to higher mortality rates. 19, 20 Therefore, increased attentiveness of the treating physician could play a major role in this context. O vera l l, ou r re su lt s demon st rate t hat d i s ea s e characteristics of type 2 diabetes differ clearly between patients aged under or over 65 years. We think it is important to consider these age-related differences in the treatment of type 2 diabetes. Additionally, our results suggest that performing SMBG is associated with better clinical outcomes in both age groups.
